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M16C/28 Group (T-ver./V-ver.)

1. Overview
Figure 1.2 is a block diagram of the M16C/28 Group (T-ver./V-ver.), 64-pin package.
A S M
I/0 Ports ’_Y_‘Port PO ’_Y_‘Port P1 ’_V_‘Port P2 Port P3
g
|'| Internal Peripheral Functions %41\—:
o
Timer (16 bits) UART/Clock synchronous SI/O System clock generator L
' 8 bits x 3 channels XIN-XouT ]
Output (Tlmer A):5 ( ) XCIN-XCOUT Bo)
Input (Timer B) : 3 Clock synchronous SI/O On-chip oscillator S i
(8 bits x 1 channel) PLL frequency synthesizer T ©
3-phase PWM - > ~
Multi-master C bus CRC calculation circuit -
Timer S (CRC-CCITT and CRC16)
( Input capture/ ;_-,U
Output compare . A -
Time measurement : 8 channels M16C/60 Series CPU Core Memory 3 ©
[ Waveform generating : 8 channels L
ROH | SB | ROM( ]
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A/D converter R1A I E?L Osp S
f A
(10 bits x 16 channels) I;g RAM() 8 -
€]
Watchdog timer A0 S
(15 bits) A -
FB [ Ffe ] Multiplier S |t
DMAC o ®
(2 channels) 3
NOTES:
1. ROM size depends on MCU type.
2. RAM size depends on MCU type.

Figure 1.2 M16C/28 Group (T-ver./V-ver.), 64-Pin Package Block Diagram
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M16C/28 Group (T-ver./V-ver.)

7. Clock Generation Circuits

7. Clock Generation Circuits

The MCU has four clock generation circuits as follows:

(1) Main clock

oscillation circuit

(2) Sub clock oscillation circuit

(3) On-chip os

cillator

(4) PLL frequency synthesizer

Table 7.1 lists the specifications of the clock generation circuit. Figure 7.1 shows the clock generation
circuits. Figures 7.2 to 7.7 show the clock-associated registers.

Table 7.1 Clock Generation Circuit Specifications

Pins to connect
oscillator

Oscillation stop,
restart function
Oscillator status
after reset

- Peripheral function
clock source

- Ceramic oscillator
- Crystal oscillator

- Timer A, B's clock
source

Externally derived clock can be input

Main Clock Sub Clock ; i : PLL Frequency
ltem Oscillation Gircdi Oscillation Circuit Variable On-chip Oscillator Synthesizer
Use of clock - CPU clock source | - CPU clock source |- CPU clock source - CPU clock source

- Peripheral function clock source

- CPU and peripheral function
clock sources when the main
clock stops oscillating

Selectable source frequency:
f1(RoC), f2(ROC), f3(ROC)
Selectable divider:
by 2, by 4, by 8

Oscillating
(CPU clock source)

- Peripheral function clock
source
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M16C/28 Group (T-ver./V-ver.) 7. Clock Generation Circuits

7.8.1 Operation When CM27 bit = 0 (Oscillation Stop Detection Reset)
When main clock stop is detected when the CM20 bit is 1 (oscillation stop, re-oscillation detection func-
tion enabled), the MCU is initialized, coming to a halt (oscillation stop reset; refer to “SFR”, “Reset”).
This status is reset with hardware reset 1. Also, even when re-oscillation is detected, the MCU can be

initialized and stopped; it is, however, necessary to avoid such usage. (During main clock stop, do not set
the CM20 bit to 1 and the CM27 bit to 0.)

7.8.2 Operation When CM27 bit = 1 (Oscillation Stop and Re-oscillation Detect Interrupt)

When the main clock corresponds to the CPU clock source and the CM20 bit is 1 (oscillation stop and re-
oscillation detect function enabled), the system is placed in the following state if the main clock comes to
a halt:
* Oscillation stop and re-oscillation detect interrupt request occurs.
» The on-chip oscillator starts oscillation, and the on-chip oscillator clock becomes the CPU clock and
clock
source for peripheral functions in place of the main clock.
» CM21 bit = 1 (on-chip oscillator clock for CPU clock source)
* CM22 bit = 1 (main clock stop detected)
* CM23 bit =1 (main clock stopped)

When the PLL clock corresponds to the CPU clock source and the CM20 bit is 1, the system is placed in
the following state if the main clock comes to a halt: Since the CM21 bit remains unchanged, set it to 1
(on-chip oscillator clock) inside the interrupt routine.

* Oscillation stop and re-oscillation detect interrupt request occurs.

* CM22 bit = 1 (main clock stop detected)

* CM23 bit =1 (main clock stopped)

» CM21 bit remains unchanged

When the CM20 bit is 1, the system is placed in the following state if the main clock re-oscillates from the
stop condition:

* Oscillation stop and re-oscillation detect interrupt request occurs.

* CM22 bit = 1 (main clock re-oscillation detected)

* CM23 bit =0 (main clock oscillation)

* CM21 bit remains unchanged
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M16C/28 Group (T-ver./V-ver.)

7. Clock Generation Circuits

7.8.3 How to Use Oscillation Stop and Re-oscillation Detect Function
* The oscillation stop and re-oscillation detect interrupt shares the vector with the watchdog timer inter-
rupt. If the oscillation stop, re-oscillation detection and watchdog timer interrupts both are used, read
the CM22 bit in an interrupt routine to determine which interrupt source is requesting the interrupt.
* Where the main clock re-oscillated after oscillation stop, return the main clock to the CPU clock and
peripheral function clock source by program. Figure 7.13 shows the procedure for switching the clock

source from the on-chip oscillator to the main clock.

 Simultaneously with oscillation stop, re-oscillation detection interrupt occurrence, the CM22 bit be-
comes 1. When the CM22 bit is set at 1, oscillation stop, re-oscillation detection interrupt are disabled.
By setting the CM22 bit to 0 by program, oscillation stop, re-oscillation detection interrupt are enabled.

« If the main clock stops during low speed mode where the CM20 bit is 1, an oscillation stop, re-oscillation
detection interrupt request is generated. At the same time, the on-chip oscillator starts oscillating. In
this case, although the CPU clock is derived from the sub clock as it was before the interrupt occurred,
the peripheral function clocks now are derived from the on-chip oscillator clock.

* To enter wait mode while using the oscillation stop, re-oscillation detection function, set the CM02 bit to

0 (peripheral function clocks not turned off during wait mode).

« Since the oscillation stop, re-oscillation detection function is provided in preparation for main clock stop
due to external factors, set the CM20 bit to 0 (Oscillation stop, re-oscillation detection function disabled)
where the main clock is stopped or oscillated by program, that is where the stop mode is selected or the

CMO5 bit is altered.

* This function cannot be used if the main clock frequency is 2 MHz or less. In that case, set the CM20 bit

to 0.

( Switch to the main clock )

Determine several times whether
the CM23 bit is set to 0
(main clock oscillates)

Set the CMO6 bit to 1
(divide-by-8 mode)

Set the CM22 bit to 0
("oscillatin stop, re-oscillation" not detected)

Set the CM21 bit to 0
(main clock or PLL clock)

N
L

NOTE:

mode after set to high-speed mode.

CMO6: Bit in the CMO register
C End ) CM23 to CM21: Bits in the CM2 register

1. If the clock source for CPU clock is to be changed to PLL clock, set to PLL operation

Figure 7.13 Procedure to Switch Clock Source From On-chip Oscillator to Main Clock
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M16C/28 Group (T-ver./V-ver.) 9. Interrupts

9. Interrupts

Note
| The S1/04 interrupt of peripheral function interrupts is not available in the 64-pin package. I

9.1 Type of Interrupts
Figure 9.1 shows types of interrupts.

L] Undefined instruction (UND instruction)
Software [ overflow (INTO instruction)
[] (Non-maskable interrupt) BRK instruction
B [] INT instruction
[ [ —
Interrupt [] ] NMI
] [] DBC @
E [] Special E tchdog timer
0 ] (Non-maskable interrupty ] Oscillation stop and re-oscillation detection
B L] [] Single step @
Hardware N [] Address match
E 0
I .
[] Peripheral function ™
(Maskable interrupt)
NOTES:
1. Peripheral function interrupts are generated by the MCU's internal functions.
2. Do not normally use this interrupt because it is provided exclusively for use by development
tools.

Figure 9.1 Interrupts

» Maskable Interrupt: An interrupt which can be enabled (disabled) by the interrupt enable flag (I flag) or
whose interrupt priority can be changed by priority level.
* Non-maskable Interrupt: An interrupt which cannot be enabled (disabled) by the interrupt enable flag
(I flag) or whose interrupt priority cannot be changed by priority level.
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M16C/28 Group (T-ver./V-ver.) 9. Interrupts

Address Match Interrupt Enable Register
b7 D6 BS b4 b3 b2 bl b0 Symbol Address After Reset
Mu AER 000916 XXXXXX002
P Bit Symbol Bit Name Function RW
Pt Address match interrupt 0 | 0. |nterrupt disabled
AIERO  lenable bit 1: Interrupt enabled RW
T R Address match interrupt 1 | 0: Interrupt disabled
AIER1 enable bit 1: Interrupt enabled RW
Bommote et oo b7_b2 Nothing is assigned. If necessary, set to 0. _
(b7-b2) When read, the content is undefined
Address Match Interrupt Registeri (i=0to 1)
(23) (2139) (bfg(ff) (Eg)w o Symbol Address After Reset
RMADO 001216 to 001016 X0000016
| . | | RMAD1 001616to 001416 X0000016
Function Setting Range RW
‘---1 Address setting register for address match interrupt 0000016 to FFFFF16 |RW
e Nothing is assigned. If necessary, set to 0. _
When read, the content is undefined

Figure 9.13 AIER Register, RMADO and RMAD1 Registers
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M16C/28 Group (T-ver./V-ver.) 11. DMAC

11.1 Transfer Cycles
The transfer cycle consists of a memory or SFR read (source read) bus cycle and a write (destination write)
bus cycle. The number of read and write bus cycles is affected by the source and destination addresses of
transfer. Furthermore, the bus cycle itself is extended by a software wait.

11.1.1 Effect of Source and Destination Addresses

If the transfer unit is 16 bits and the source address of transfer begins with an odd address, the source
read cycle consists of one more bus cycle than when the source address of transfer begins with an even
address.

Similarly, if the transfer unit is 16 bits and the destination address of transfer begins with an odd address,
the destination write cycle consists of one more bus cycle than when the destination address of transfer
begins with an even address.

11.1.2 Effect of Software Wait

For memory or SFR accesses in which one or more software wait states are inserted, the number of bus
cycles required for that access increases by an amount equal to software wait states.

Figure 11.5 shows the example of the cycles for a source read. For convenience, the destination write
cycle is shown as one cycle and the source read cycles for the different conditions are shown. In reality, the
destination write cycle is subject to the same conditions as the source read cycle, with the transfer cycle
changing accordingly. When calculating transfer cycles, take into consideration each condition for the
source read and the destination write cycle, respectively. For example, when data is transferred in 16 bit
units and when both the source address and destination address are an odd address ((2) in Figure 11.5),
two source read bus cycles and two destination write bus cycles are required.
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M16C/28 Group (T-ver.N-ver.) 12. Timer (Three-phase Motor Control Timer Function)

Three-phase PWM Control Register 0 (1)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
LT ] mveo 034816 0016
Bit Symbol Bit Name Function RwW

0: ICTB2 counter is incremented by 1 on
the rising edge of timer A1 reload control
Effective interrupt output signal RW

P —

INVOO 1 olarity select bit(®) 1: ICTB2 counter is incremented by 1 on
the falling edge of timer A1 reload control
signal
Lo 0: ICTB2 counter incremented by 1 at a
INVO1 Effective interrupt output timer B2 underflow RW

Pl specification bit(: 3)

[N

: Selected by INVOO bit

0: Three-phase motor control timer
4) function unused
S INVOZ  |Mode select bit 1: Three-phase motor control timer RW
H function (5)
0: Three-phase motor control timer output
: . disabled (5)
bl INV03 Output control bit® 1: Three-phase motor control timer output RW
enabled
Positive and negative 0: Simultaneous active output enabled
! INV04 phases concurrent output e ; ) RW
P e disable bit 1: Simultaneous active output disabled
Positive and negative
INVO5  |phases concurrent output |0 Not detected yet RW
pooTTrmeeemreoaeeees detect flag 1: Already detected ()
. . |0: Triangular wave modulation mode
INV06 Modulation mode select bit®) 4. sawtooth wave modulation mode © RW

Setting this bit to 1 generates a transfer
trigger. If the INVO6 bit is 1, a trigger for the RW
dead time timer is also generated. The
value of this bit when read is 0

INVO7 Software trigger select bit

NOTES:

1. Write to this register after setting the PRC1 bit in the PRCR register to 1 (write enable). Note also that bits INV0O to INV02,
bits INV04 and INV06 can only be rewritten when timers A1, A2, A4 and B2 are idle.

2. If this bit needs to be set to 1, set any value in the ICTB2 register before writing to it.

3. Effective when the INV11 bit in the INV1 register is 1 (three-phase mode 1). If INV11 is set to O (three-phase mode 0), the
ICTB2 counter is incremented by 1 each time the timer B2 underflows, regardless of whether the INV0O and INVO1 bits are
set. When setting the INVO1 bit to 1, the first interrupt is generated when the timer B2 underflows n-1 times, if n is the value
set in the ICTB2 counter. Subsequent interrupts are generated every n times the timer B2 underflow.

4. Setting the INV02 bit to 1 activates the dead time timer, U/V/W-phase output control circuits and ICTB2 counter.

5. When the INVO2 bit is set to 1 and the INVO3 bit is set to 0, 0, U, V, V, W, W pins, including pins shared with other output
functions, enter a high-impedance state. When INVO03 is set to 1, U/V/W corresponding pins generate the three-phase PWM
output.

6. The INV03 bit is set to 0 in the following cases:

* When reset

» When positive and negative go active (INV05 = 1) simultaneously while INV04 bit is 1

* When set to 0 by program

+ When input on the SD pin changes state from “H” to “L” regardless of the value of the INVCR1 bit. (The INV03 bit cannot be
set to 1 when SD input is “L”.) INVO3 is set to 0 when both bits INV05 and INV04 are set to 1.

Item INV06=0 INV06=1
Mode Triangular wave modulation mode Sawtooth wave modulation mode
Timing at which transferred from registers Transferred only once synchronously Transferred every transfer trigger
IDBO to IDB1 to three-phase output shift with the transfer trigger after writing to
register registers IDBO to IDB1
Timing at which dead timg _timer trigger is Synchronous with the falling edge of Synchronous with the transfer
generated when INV16 bit is 0 timer A1, A2, or A4 one-shot pulse trigger and the falling edge of timer
A1, A2, or A4 one-shot pulse
INV13 bit Effective when INV11 is set to 1 and No effect
INVO6 is set to O

Transfer trigger: Timer B2 underflow, write to the INVO7 bit or write to the TB2 register when the INV10 bit is set to 1.
9: If the INVO6 bit is set to 1, set the INV11 bit to 0 (three-phase mode 0) and set the PWCON bit to O (timer B2 reloaded by a
timer B2 underflow)
10. When the PFCi (i = 0 to 5) bit in the PFCR register is set to 1 (three-phase PWM output), individual pins are enabled to output.

Figure 12.26 INVCO Register
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M16C/28 Group (T-ver./\V-ver.)

12. Timer (Three-phase Motor Control Timer Function)

The three-phase motor control timer function is enabled by setting the INV02 bit in the INVCO register to 1.
When this function is on, timer B2 is used to control the carrier wave, and timers A4, A1 and A2 are used to
control three-phase PWM outputs (U, U, V, V, W and W). The dead time is controlled by a dedicated dead-
time timer. Figure 12.33 shows the example of triangular modulation waveform, and Figure 12.34 shows

the example of sawtooth modulation waveform.

Triangular waveform as a Carrier Wave
Triangular wave . . .

TB2S bit in the

i

| | |

I I I

Signal wave —| \/ l

I I I I
I I

I I I

I | I

I I

Il Il

I I

I I

I I

_

TABSR register

Timer B2

Start trigger signal
for timer A4(")

Timer A4

one-shot pulse(!)

Reuwrite registers IDB:O and IDB1

U phase
output signal (1)

U phase

L

\ Transfer the values

to the three-phase
/ output shift register
Il

output signal (1

-

E

INV13

mode 1))

NOTE:
1. Internal signals. See Figure 12.25.

The above applies under the following conditions:

Examples of PWM output change are:
(1)When INV11 = 1 (three-phase mode 1)

- INV0O1 = 0 and ICTB2 = 216 (the timer B2 interrupt is generated
every two times the timer B2 underflows),
or INVO1 =1, INVOO = 1, and ICTB2=116 (the timer B2 interrupt is
generated at the falling edge of the timer A1 reload control signal.)

- Default value of the timer: TA41 =m, TA4 =m.
Registers TA4 and TA41 are changed whenever the timer B2
interrupt is generated.

First time, TA41 =1, TA4 = n. Second time, TA41 =p, TA4 = p.

- Default values of registers IDBO and IDB1:
DUO =1, DUB0 =0, DU1 =0, DUB1 = 1.
They are changed to DUO = 1, DUBO = 0, DU1= 1 and DUB1 =0
when the third timer B2 interrupt is generated.

I I
I I
I I
| |
! :
INV14 =0 ! ; ! L ! m :
(“L” active) | | | o - |
B Lo ! !
U phase I : Cl i !
| | | | il | [ [ |
- L eposame
U hase I I I I I | I I I
INVI4 = 1 phase . || — ook : 1] :
(*H’ active) ! Lo ! ‘ o !
I I I I I | I I
I I I 1 1 1
U phase | | . ! ! !
I I
I I
I I
I I
I I
!

I
(INV11=1(three-phase

INVCO = 00XX11XX2 (X varies depending on each system) and INVC1 = 010XXXX02.

The value written to registers TA4 and TA41 becomes effective at the rising edge of the timer A1 reload control signal.

(2)When INV11 = 0 (three-phase mode 0)

-INVO1 = 0, ICTB2 = 116 (the timer B2 interrupt is generated
whenever timer B2 underflows)

- Default value of the timer: TA4 = m. The TA4 register is changed
whenever the timer B2 interrupt is generated.
First time: TA4 = m. Second tim:, TA4 =n.
Third time: TA4 = n. Fourth time: TA4 = p.
Fifth time: TA4 = p.

- Default values of registers IDB0 and IDB1:
DUO =1, DUBO =0, DU1 =0, DUB1 = 1.
They are changed to DUO =1, DUBO = 0, DU1 =1, and DUB1 =0
when the sixth timer B2 interrupt is generated.

Figure 12.33 Triangular Wave Modulation Operation
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M16C/28 Group (T-ver./V-ver.) 12. Timer (Three-phase Motor Control Timer Function)

12.3.1 Position-Data-Retain Function
This function is used to retain the position data synchronously with the three-phase waveform
output.There are three position-data input pins for U, V, and W phases.
A trigger to retain the position data (hereafter, this trigger is referred to as "retain trigger") can be selected
by the PDRT bit in the PDRF register. This bit selects the retain trigger to be the falling edge of each
positive phase, or the rising edge of each positive phase.

12.3.1.1 Operation of the Position-data-retain Function
Figure 12.35 shows a usage example of the position-data-retain function (U phase) when the retain
trigger is selected as the falling edge of the positive signal.
(1) At the falling edge of the U-phase waveform ouput, the state at pin IDU is transferred to the PDRU
bit in the PDRF register.
(2) Until the next falling edge of the Uphase waveform output,the above value is retained.

Carrier wave /\/\A/\

N4 ®

U-phase waveform output

U-phase waveform output |
I

I | !
. ! ! I
1 0 A 1
Pin IDU i . . | A
: ¥ Transferred ¥ Transferred M
. 1§ Transferred | Transferred
PDRU bit

Note: The retain trigger is the falling edge of the positive signal.

Figure 12.35 Usage Example of Position-data-retain Function (U phase)
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M16C/28 Group (T-ver.N-ver.) 12. Timer (Three-phase Motor Control Timer Function)

Port Function Control Register (1)

b7 b6 bS5 b4 b3 b2 b1 bo Symbol Address After Reset
I><|><I | | | | | PFCR 035816 0011 11112
piof i i1 il |BitSymbol | BitName Function RW
0: Input/Output port P8o
: Port P
A I e fu%réﬁoi‘)sc’e‘f;‘;‘:tbit 1: Three-phase PWM output RW
T (U phase output)
Port P81 output 0 Input/Qutput port P81
S A B B PFC1 function select bit 1: Three-phase PWM output RW
- (U phase output)
Porod Port P72 output | O Input/Output port P72
T A B bbb PFC2 function select bit 1: Three-phase PWM output RW
R (V phase output)
Pl 0: Input/Output port P73
H Port P7 tput
L S — PFC3 | or 2o P | 1: Three-phase PWM output RW
oo (V phase output)
Port P74 output 0 Input/Output port P74
P Temmmmmememeeeend PFC4 function select bit 1: Three-phase PWM output RW
I (W phase output)
: Port P75 output 0: Input/Output port P75
Por o T PFC5 function select bit 1: Three-phase PWM output RW
I (W phase output)
H Nothing is assigned. When write, set to 0. When read,
LR LR LT EE PP P (b7-b6) —
these contents are 0
NOTE:
1. This register is valid only when the INVCO3 bit in the INVCO register is 1 (Three-phase motor control
timer.

Three-phase Protect Control Register

b7 b6 bS5 b4 b3 b2 bl bO Symbol Address After Reset
DMM_J TPRC 025A16 0016
Bit Symbol Bit Name Function RW

Enable write to PFCR register

Three-phase

-| TPRCO tect trol bit 0: Write protected RwW
protect control b 1: Write enabled
__________________________ (b7-b1) Nothing is assigned. If necessary, setto 0. When read, .

the contents are 0

Figure 12.38 PFCR Register, and TPRC Register
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M16C/28 Group (T-ver./V-ver.)

13. Timer S

Interrupt Request Register (1)
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset

| | | | | | | | | G1IR 033016 Undefined
poror b b r b | symbol Bit Name Function RW
0 : No interrupt request
G1IR0 Interrupt request, ChO 1 Interrupt requested RW
R G1IR1 Interrupt request, Ch1 RW
e G1IR2 Interrupt request, Ch2 RwW
e G1IR3 Interrupt request, Ch3 RW
e G1IR4 Interrupt request, Ch4 RW
T ORI G1IR5 Interrupt request, Ch5 RW
. G1IR6 Interrupt request, Ch6 RW
L oe L Ee LS SEE i G1IR7 Interrupt request, Ch7 RW

NOTE:
1. When writing 0 to each bit in the G1IR register, use the following instruction:
AND, BCLR

Figure 13.9 G1IR Register
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M16C/28 Group (T-ver./V-ver.)

14.Serial I/0

Clock
synchronous type

PAR

! UART (7 bits)
disabled

UART (8 bits)

Clock

synchronous UART (7 bits) UARTi receive register

RxDi(O—

o] 0
PAR PRYE=1 UART
enabled

UART (9 bits)

Clock
synchronous type

UART (8 bits)
UART (9 bits)

UARTi receive

0000000D8| |D7D6D5D4D3D2D1DO| buffer register

Address 03A616
| MSB/LSB conversion circuit Address 03A716
| Address 03AE16

Address 03AF16

Data bus high-order bits

Data bus low-order bits

==

| MSB/LSB conversion circuit |

) <>

|D8 | | D7: De: Ds: Da: D3: D2: D1: Do | UART transmit

: - - . - : : buffer register
Address 03A216
Address 03A316
Address 03AA16
UART (8 bits) Address 03AB16

UART (9 bits)
UART (9 bits) Slpogk synchronous
PAR
2SP STPS=1  enabled pPRYE=1 UART

O Q .
o o

STPS=0 PRYE=0| Clock
synchronous
type

UART (7 bits) UARTI transmit register

UART (7 bits)

18P PAR UART (8 bits)

disabled

SP: Stop bit
PAR: Parity bit

SMD2 to SMDO, STPS, PRYE, IOPOL, CKDIR : Bits in the UIMR

Clock synchronous
type

Figure 14.2 Block diagram of UARTI (i = 0, 1) transmit/receive unit
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M16C/28 Group (T-ver./V-ver.)

14. Serial I/O

Table 14.13 12C bus Mode Functions

for number 15 (1)
(See Fig.14.23)

operation - transmit
operation is started
or completed

(selected by U2IRS

Clock 12C bus mode (SMD2 to SMDO0 801ICM = 1)
synchronous IICM2=0 IICM2 =1
Function serial /0 mode (NACK/ACK interrupt) (UART transmit/ receive interrupt)
(SMD2 to SMDO = CKPH=0 CKPH = 1 CKPH =0 CKPH =1
0012, ICM = 0) (no clock delay) (clock delay) (no clock delay) (clock delay)
Interrupt source | = Start condition detection or stop condition detection (Refer to Table 14.14)
for number 10 ()
(See Fig.14.23)
Interrupt source | UART2 transmit No acknowledgment detection UART2 transmit UART2 transmit

(NACK) - at the rising edge of 9th
bit of SCL2

operation - at the
rising edge of 9th bit
of SCL2

operation - at the
next falling edge
after the 9th bit of
SCL2

Interrupt source
for number 16 (1)
(See Fig.14.23)

UART2 receive
timing - when 8th bit
is received,

CKPOL =0

(rising edge)
CKPOL =1

(falling edge)

Acknowledgment detection (ACK) -
at the risiﬁg edge of 9th bit of SCL2

UART2 receive operation - at the falling edge of 9th
bit of SCL2

Data transfer
timing from the
UART receive
shift register to
the U2RB register

CKPOL =0
(rising edge)
CKPOL =1
(falling edge)

At the rising edge of 9th bit of SCL2

Falling edge of 9th bit
of SCL2

Falling edge and rising edge
of 9th bit of SCL2

UART2 transmit | No delay Delay

output delay

Function of P70 [ TxD2 output SDA2 input and output
Function of P71 |RxD2 input SCL2 input and output

Function of P72

Select CLK2 input
or output

- (Not used in I2C bus mode)

Noise filter width

15ns

200n

Reading RxD2,
SCL2 pin levels

Can be read if the
corresponding port

direction bit is set to 0

Can be read regardless of the corresponding port direction bit

Default value of | CKPOL =0 (H) Value set in the port register before entering 12C bus mode(")

TxD2, SDA2 CKPOL =1 (L)

output

SCL2 default and Acknowledgment detection (ACK) | UART2 receive operation - at the falling edge of 9th
end values bit of SCL2

DMA1 source
(See Fig.14.23)

UART2 receive
operation

H L

H L

Storing receive
data

1st to 8th bits are
stored into bits 7 to
0in the U2RB
register

1st to 8th bits are stored into bits 7
to 0 in the U2RB register

1st to 7th bits are stored into the bit 6 to bit 0 in
the U2RB register, with 8th bit stored in the bit 8 in
the U2RB register

1st to 8th bits are stored
into bits 7 to 0 in the U2RB
register(®)

Reading receive
data

The U2RB register status is read

Bit 6 to bit 0 in the U2RB
register are read as bit 7 to
bit 1. Bit 8 in the U2RB
register is read as bit 0 (4)

NOTES:

1. If the interrupt source is changed, the IR bit in the interrupt control register for the changed interrupt may be set to 1
(interrupt requested). (Refer to “Interrupts” in Precautions.) If any of the following bits are changed, the interrupt
source, the interrupt timing, etc. will be changed also. Therefore, set the IR bit to 0 (interrupt not requested) after
those bits are changed.

Bits SMD2 to SMDO in the U2MR register, the IICM bit in the U2SMR register,
the IICM2 bit in the U2SMR2 register, the CKPH bit in the U2SMR3 register
2. Set the default value of the SDA2 output when bits SMD2 to SMDO in the U2MR register are set to 0002 (serial I/O

disabled).

3. Second data transfer to the U2RB register (at the rising edge of the ninth bit of SCL2)
4. First data transfer to the U2RB register (at falling edge of the ninth bit of SCL2)
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M16C/28 Group (T-ver./V-ver.) 14. Serial /O

(1) Transmit Timing

Tc
Transfer Clock u_
TE bit in U2C1 !
register 0 J Data is written to
the UART2 register
Tl bit in U2C1 1 ~x 4
register 0 \
Data is transferred from the U2TB
register to the UART2 transmit
Start Parity Stop register
bit bit  bit

e \eXeeeeeeeXeYE XX Xe XX

Parity Error Signal
returned from

Receiving End An "L" signal is applied from the SIM _*"
card due to a parity error

)

oDz pi Level ) WV O000800048 V000008004
TXEPT bit in U2 ) ‘ ﬁgnier::ttesrlrth(:?gﬁi"r\e Aﬁlgtrerl_rupt routine detects
CO register o

IR bit in S2TIC 1

register 0 I_I

N e

Set to 0 by an interrupt request acknowledgement or by program
The above timing diagram applies to the case where data is
transferred in the direct format.
« U2MR register STPS bit = 0 (1 stop bit)

« U2MR register PRY bit = 1 (even) Te=16(n+1)/fior 16 (n + 1)/ fexT

+ U2CO0 register UFORM bit = 0 (LSB first) fi : frequency of U2BRG count source (f 1S10, f2SI0, f8SI0, f32SI0)

» U2C1 register U2LCH bit = 0 (no reverse) fEXT : frequency of U2BRG count source (external clock)

» U2C1 register U2IRSCH bit = 1 (transmit is completed) n : value set to U2BRG

(2) Receive Timing TC
Transfer Clock
RE bit in U2C1 !
register 0 J
Start Parity Stop
Transmit Waveform bit bit  bit
from the —_ —
Transmiting End vooe0000005 20000000048
D2 TxD2 outputs "L" due /
to a parity error

RxD2 pin Level @) vOLe000008 V00800004V
RI bit in U2C1 QRS
register 0 ~__

IR bit in S2RIC 1 Read the U2RB register  —— |
Irn

register 0 |_|
\ /

Set to 0 by an interrupt request acknowledgement or by program

The above timing diagram applies to the case where data is
transferred in the direct format.
« U2MR register STPS bit = 0 (1 stop bit)

« U2MR register PRY bit = 1 (even) Te=16(n+1)/fior 16 (n+1)/fext
« U2CO0 register UFORM bit = 0 (LSB first) fi : frequency of U2BRG count source (f 1S10, f2S10, f8SI0, f32SI10)
» U2C1 register U2LCH bit = 0 (no reverse) fEXT : frequency of U2BRG count source (external clock)
« U2C1 register U2IRSCH bit = 1 (transmit is completed) n : value set to U2BRG
NOTES:

1. Because TxD2 and RxD2 are connected, this is composite waveform consisting of the TxD2 output and the parity error
signal sent back from receiver.

2. Because TxD2 and RxD2 are connected, this is composite waveform consisting of the transmitter's transmit waveform
and the parity error signal received.

Figure 14.31 Transmit and Receive Timing in SIM Mode
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M16C/28 Group (T-ver./\V-ver.)

15. A/D Converter

A/D Control Register 0 (")

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset

| 0 |O | | | ADCONO 03D616 00000XXX2
Bit Symbol Bit Name Function RW
E b2 b1 b0
: CHo 00 0: Select ANo RW
: 00 1: Select AN
H 0 1 0: Select AN2
CH1 Analog input pin select 01 1: Select AN3 RW
: bit( %) 10 0: Select ANa
10 1: Select ANs
H 11 0: Select AN6
H CH2 RW
H 11 1: Select AN7
5 : o2 RW
! MDO AD ope_ratlgr; mode 0 0: One-shot mode or delayed trigger
: MD1 | selectbit0 mode 0,1 RW
. . 0: Software trigger
TRG Trigger select bt 1: Hardware trigger (ADTRG trigger) Rw
. 0: A/D conversion disabled
ADST A/D conversion start flag 1: AD conversion started RW
: CKSO0 Frequency select bit 0 See Table 15.2 RW

NOTES:

1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be undefined.

2. ANOO to ANO7, AN20 to AN27, and AN30 to AN32 can be used in the same way as ANO to AN7. Use bits ADGSEL1

and ADGSEL 0 in the ADCONZ2 register to select the desired pin.
3. After rewriting bits MD1 and MDO, set bits CH2 to CHO over again using an another instruction.

A/D Control Register 1 ()

b7 D6 05 b4 b3 b2 bl b0 Symbol Address After Reset

D] ] Jo] [ | Abcont  03D746 0016
[ Bit Symbol Bit Name Function RW
RENRE Rw
A/D sweep pin select bit Invalid in one-shot mode
HE Vo SCAN1 RW
Pl o A/D operation mode
Py e MD2 select bit 1 0: Other than repeat sweep mode 1 RW
P P . | 0: 8-bit mode
R BITS 8/10-bit mode select bit 1: 10-bit mode RW
Pl e CKS1 Frequency select bit 1 See Table 15.2 RW
[ VCUT | Vref connect Bit @ 1: Vref connected RW
_ _______________________ ey Nothing is assigned. If necessary, setto 0. —

(b7-b6) When read, the content is 0

NOTES:

1. If the ADCON1 register is rewritten during A/D conversion, the conversion result will be undefined.

2. If the VCUT bit is reset from 0 (Vref unconnected) to 1 (Vref connected), wait for 1 pus or more before starting A/D

conversion.

A/D Control Register 2(1)

b7 D6 05 b4 b3 b2 b1 b0 Symbol Address After Reset

XXo]| [o] | | ADCON2  03D416 0016
i+ 1+ 1+ | Bit Symbol Bit Name Function RW
[ A/D conversion method 0: Without sample and hold
N MP RW
A s select bit 1: With sample and hold
o b2 b1
bbbt trny ADGSELD ) | 00: Select port P10 group RW
A/D input group select bit | 0 1: Select port P9 group
A 1 0: Select port PO group
N ADGSEL1 1 1: Select port P1/P9 group RwW
I 3) |Reserved bit Setto 0 RW
I Frequency select bit 2 See Table 15.2 RW
: Trigger select bit Set to 0 in one-shot mode RW
Nothing is assigned. If necessary, set to 0. —

When read, the content is 0

NOTE:

1. If the ADCONZ2 register is rewritten during A/D conversion, the conversion result will be undefined.

Figure 15.7 ADCONO to ADCON2 Registers in One-Shot Mode
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M16C/28 Group (T-ver./V-ver.) 15. A/D Converter

*Example when selecting ANo to AN3 to A/D sweep pins (SCAN1 to SCANO = 012)

«Example 1: When Timer B1 underflow is generated during ANo pin conversion |:| A/D pin input
voltage sampling
Timer BO underflow A/D pin conversion

Timer B1 underflow

ANo
AN L]

AN2
AN3 | |

*Example 2: When Timer B1 underflow is generated after ANo pin conversion

Timer BO underflow

v
o 11 v
I
AN2

ANs3 _l_l

Timer B1 underflow

«Example 3: When Timer BO underflow is generated during A/D conversion of any pins except ANo pin

Timer BO underflow Timer BO undeﬁl?w )
(Abort othrt pins conversion)
+ Timer B1 underflow Timer B1 under flow

ANo + +
AN1 |_|_ | |

AN2 |

AN3 _l_l

Example 4: When Timer BO underflow is generated again before Timer B1 underflow is generated
after Timer BO underflow generation

Timer BO underflow ~ Timrt BO underflow

An interrupt does not affect A/D conversion)
+ Timer B1 underflow

ano 1]

AN1

AN2 |

AN3 _l_l

Figure 15.19 Operation Example in Delayed Trigger Mode 0
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M16C/28 Group (T-ver./V-ver.) 15. A/D Converter

*Example when selecting ANo to AN3 to A/D sweep pins (SCAN1 to SCANO = 012)

A/D pin conversion
ADrtra pin input :l P

ADrtra pin input % %

e 4[4 |4 KL

«Example 1: When ADTrec pin falling edge is generated during ANo pin conversion I:' A/D pin input
voltage sampling

ANo
AN L]

AN2

AN3 _|_|

*Example 2: When ADTrec pin falling edge is generated again after ANo pin conversion

anvo CT ]
AN1

AN2 |

AN3 _|_|

«Example 3: When AD1rec pin falling edge is generated more than two times after ANo pin conversion

(valid after single sweep conversion)

ano L1 1] |
ANH1 (invalid) I_I
AN2 | Ll -
AN L

Figure 15.24

Operation Example in Delayed Trigger Model
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M16C/28 Group (T-ver./V-ver.) 21. Precautions

21.6 Timer
21.6.1 Timer A

21.6.1.1 Timer A (Timer Mode)
1. The timer remains idle after reset. Set the mode, count source, counter value, etc. using the TAIMR
(i = 0 to 4) register and the TAi register before setting the TAIS bit in the TABSR register to 1 (count
starts).
Always make sure the TAIMR register is modified while the TAIS bit remains 0 (count stops) regard-
less whether after reset or not.

2. While counting is in progress, the counter value can be read out at any time by reading the TAi
register. However, if the TAi register is read at the same time the counter is reloaded, the read value
is always FFFF16. If the TAi register is read after setting a value in it, but before the counter starts
counting, the read value is the one that has been set in the register.

3. If a low-level signal is applied to the SD pin when the IVPCR1 bit in the TB2SC register is set to 1
(three-phase output forcible cutoff by input on SD pin enabled), the TA1ouT, TA20UT and TA40uUT
pins go to a high-impedance state.

21.6.1.2 Timer A (Event Counter Mode)
1. The timer remains idle after reset. Set the mode, count source, counter value, etc. using the TAIMR
(i = 0 to 4) register, the TAi register, the UDF register, bits TAZIE, TAOTGL, and TAOTGH in the
ONSEF register and the TRGSR register before setting the TAIS bit in the TABSR register to 1 (count
starts).
Always make sure bits TAZIE, TAOTGL, and TAOTGH in the TAIMR register, the UDF register, the
ONSEF register, and the TRGSR register are modified while the TAIS bit remains 0 (count stops)
regardless whether after reset or not.

2. While counting is in progress, the counter value can be read out at any time by reading the TAi
register. However, if the TAi register is read at the same time the counter is reloaded, the read value
is always FFFF16 when the timer counter underflows and 000016 when the timer counter overflows.
If the TAI register is read after setting a value in it, but before the counter starts counting, the read
value is the one that has been set in the register.

3. If a low-level signal is applied to the SD pin when the IVPCR1 bit in the TB2SC register is set to 1
(three-phase output forcible cutoff by input on SD pin enabled), the TA1ouT, TA20UT and TA40UT
pins go to a high-impedance state.
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M16C/28 Group (T-ver./V-ver.) 21. Precautions

8. If the CPU reads the ADi register (i = 0 to 7) at the same time the conversion result is stored in the ADi
register after completion of A/D conversion, an incorrect value may be stored in the ADi register. This
problem occurs when a divide-by-n clock derived from the main clock or a subclock is selected for CPU
clock.

* When operating in one-shot, single-sweep mode, simultaneous sample sweep mode, delayed trig-
ger mode 0 or delayed trigger mode 1:
Check to see that A/D conversion is completed before reading the target ADi register. (Check the IR
bit in the ADIC register to see if A/D conversion is completed.)

* When operating in repeat mode or repeat sweep mode 0 or 1:
Use the main clock for CPU clock directly without dividing it.

9. If A/D conversion is forcibly terminated while in progress by setting the ADST bit in the ADCONO
register to 0 (A/D conversion halted), the conversion result of the A/D converter is undefined. The
contents of ADi registers irrelevant to A/D conversion may also become undefined. If while A/D conver-
sion is underway the ADST bit is cleared to 0 in a program, ignore the values of all ADi registers.

10. When setting the ADST bit in the ADCON register to 0 and terminating forcefully by a program in
single sweep conversion mode, A/D delayed trigger mode 0 and A/D delayed trigger mode 1 during
A/D converting operation, the A/D interrupt request may be generated. If this causes a problem, set the
ADST bit to 0 after an interrupt is disabled.
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